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Hamstring injuries (HSI) are common in a number of different sports and can confer a significant burden
to both male and female athletes. Though research on HSIs in the female athlete population is lacking,
current literature suggests male athletes are between two to four times more likely than female athletes to
sustain an HSI. Despite this discrepancy, the role of intrinsic sex differences in HSI risk factors has not been
previously explored. This review aims to summarize these sex-based differences in HSI risk factors and
their influence on the lower rate of HSIs seen in female athletes as compared to male athletes. Women
exhibit increased hamstring flexibility and decreased hamstring musculotendinous stiffness as compared
to men; women are also shown to be more resistant to skeletal muscle fatigue. Sex differences in the
hamstring to quadriceps ratio and certain lower limb morphologies may also contribute to the sex
discrepancy in HSI rates. This remains an area for future research in order to understand the multifaceted
nature of HSI injury risk factors and optimize HSI rehabilitation and prevention programs for both male

and female athletes.

Introduction

Hamstring injuries (HSIs), specifically
hamstring myotendinous strain injuries, manifest
as acute pain in the posterior thigh caused by
disruption of the hamstring muscle fibers at the
muscle-tendon junction!. This is in contrast to
proximal hamstring tendinopathy, which is
characterized by pain of the deep gluteal region?.
HSIs are also distinct from distal hamstring
insertion injuries, such as semimembranosus
tendinopathy, which can cause pain in the knee3.
HSIs are one of the most common musculoskeletal
injuries in sports, with an incidence that ranges
between 0.3 to 4 injuries per 1000 hours of athlete
exposure and a prevalence that is increasing by up
to 4% annually*-%. Hamstring injuries are prevalent
in sports that require intense bouts of high-speed
running and/or kicking7-10. HSIs are particularly
difficult for athletes to manage as they are
associated with both a long duration away from
sport as well as a high rate of re-injury?'-14. Not only
are athletes hindered by an excessive recovery time,
but history of a previous HSI puts one at a
substantially increased risk for re-injury. Athletes
with a history of HSI are 2.7 times more likely to
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sustain another HSI than athletes without a
previous history of one; this risk increases to 4.8
times more likely if the initial HSI has occurred
within the past season!. The frequency, resulting
time-off burden, and significant recurrence rate
make HSIs an important focus of sports medicine
research, and this research is a vital step in
developing  evidence-based  approaches to
prevention and recovery.

Few HSI studies include female participants
and even fewer focus specifically on female athletes,
even though studies suggest that hamstring injuries
are a significant source of injury in this population.
Female participation in sport has expanded
drastically in the United States since the
implementation of Title IX in 1972, and with
increasing female engagement in sport comes an
increasing rate of injuries in this population.
Increased attention has been placed on studying
sex-based differences that can cause women to
exhibit unique patterns of injury compared to
men'>. Emmonds et al have suggested that male-
dominated sports and exercise medicine research
studies are inherently limited in scope and often
poorly applicable to the female athlete population
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because of such differences'¢. Despite this, women
continue to be significantly underrepresented in all
sports and exercise medicine research studies!”.

HSIs have been reported to be a prevalent
problem in female athletes. In a study of female
collegiate Gaelic football players, hamstring injuries
were the most frequent injury recorded at 21.52%
and lead to a burden of 66.12 days lost per 1000
hours, which was second only to knee injuries!s.
Other studies have found HSI to be the second most
common injury amongst professional female soccer
players, and the third most common among players
at the amateur level'92. Despite the significance of
HSIs in both female and male athletics, the rates and
risk factors of HSIs based on sex differences have
not been previously described in the literature. The
goal of this review is to present existing data on
hamstring injuries in the context of the female
athlete and compare these findings to what is
already known about male HSIs. We also highlight
the need for more evidence-based research that
includes female participants, as well as
consideration of sex-specific factors that may
influence the prevalence, treatment, and prevention
of HSI in female athletes.

Hamstring Injury Rates in Female vs. Male
Athletes

Studies that directly compare HSI rates
between male and female athletes reveal that male
athletes are generally reported as being between
two to four times more prone to HSIs than female
athletes®21-25. Injury data collected from NCAA
soccer teams showed men were 64% more likely
than women to sustain a hamstring strain. When
comparing the risk of sustaining injury during
games only, men were 2.42 times more likely?122,
Similarly, professional male soccer players have
also been found to be at greater risk for HSI
compared to professional female players; a 5-season
comparison of elite male and female players from
the same soccer club in the Spanish first division
found HSIs were 1.93 times more frequent in men
and accounted for a greater proportion of days lost
due to injury®.

In the sport of track and field, men have
been shown in several studies to have greater risk
of HSI than women. Three years of HSI rates
collected on over 48,000 athletes who participated
in the Penn Relays Carnival from 2002-2004 showed
men overall had 79% increased odds of suffering
HSI compared with women¢. However, the authors
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note this data is confounded by the greater number
of male masters athletes and differences in event
participation. When combining male and female
data, the 100m sprint, 110m hurdles, and triple
jump events, respectively, conferred the greatest
relative risk of HSI, whereas the 4x400m relay had
the highest absolute risk. Similarly, injury data from
the Daegu 2011 IAAF World Championships and
the 2007-2015 World Athletics Championships
(WACs) showed male athletes suffered hamstring
strains at a rate of two to four times greater than that
of female athletes, with men being more likely to
suffer time-loss from the sport due to injury?24.
Despite the increased reported rate and severity of
HSI in male athletes, rates of HSIs based on each
individual track and field event was not reported in
either study?24 This suggests that while studies
overall report that men have greater rates of HSIs,
little is known about the specific injury mechanisms
and risk factors that are specific to women who
sustain this injury.

Sex Differences in HSI Risk Factors

Hamstring Length, Flexibility, and Extensibility

The influence of hamstring flexibility on risk
of sustaining an HSI is debated in the literature.
Hamstrings are most susceptible to strain injuries
during the terminal swing phase of sprinting when
the muscle is eccentrically contracted and stretched
passed its optimal length?. Wan et al. found
athletes with less hamstring flexibility experienced
greater peak muscle strain (the ratio of muscle
length deformation to muscle optimal length)
during this terminal swing phase of a sprint. The
authors suggest that limited hamstring flexibility is
a risk factor for HSIs, as greater strain imposed on
the muscle during the terminal swing phase confers
a greater chance of sustaining an injury?. This has
been supported by several studies that have found
a significant association between preseason
hamstring muscle tightness and later development
of a hamstring muscle injury, with Henderson et al.
reporting every 1° decrease in passive straight leg
raise increased injury propensity by 1.29 times?’.25.
Bradley and Portas also associated poor preseason
hamstring flexibility in male soccer players with
increased risk of sustaining an in-season HSI, in
which flexibility was evaluated via the passive knee
extension test?.

Women have been shown to have greater
hamstring flexibility, as evidenced by greater
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muscle length, stretch tolerance, and hamstring
extensibility than men303l. Marshall and Siegler
compared 45 men and 45 women using the
instrumented Straight Leg Raise test and found
hamstring extensibility was 9.9° greater in women
compared to men. The male and female subjects did
not differ in age or participation rates in physical or
stretching activities. In fact, 42 participants reported
no regular physical activity at all, supporting the
notion that greater hamstring extensibility in
women may be an inherent physiological property
that is not dependent on athletic status®. Women
also reported experiencing a significantly lower
maximum pain intensity score during the
instrumented Straight Leg Raise, suggesting they
possess greater tolerance to stretching of the
hamstring muscle®. Similarly, Youdas et al.
measured hamstring muscle length based on the
passive straight leg raise and popliteal angle of over
200 adults aged 20-79. Women had greater
measured hamstring muscle length than men using
both methods of measurement (approximately 8°
greater passive straight leg raise and 11° greater
popliteal angle)’!.  However, the relationship
between these findings and hamstring injuries in
women has not yet been shown. Furthermore, the
assessment of hamstring flexibility in studies is
varied, using measures such as the active knee
extension test, passive knee extension test, or sit and
reach test, with many studies including only male
subjects?2-37. Greater uniformity in the assessment
of hamstring flexibility, as well as further study of
the relationship between hamstring flexibility and
injury risk in female athletes, is needed to determine
the role of hamstring flexibility as a protective factor
for HSI.

Musculotendinous Stiffness

Increased hamstring musculotendinous
stiffness (MTS) has also been described as a
potential risk factor for HSI. The intrinsic difference
in female versus male MTS is an important factor to
consider when discussing the discrepancy in HSI
rates between these populations. MTS describes the
ratio of change in force of a muscle to change in
muscular length. A muscle with greater MTS
requires a shorter change in muscle length to
produce a given amount force compared to muscle
with a lower MTS?8. Wilson et al. was the first to
propose that MTS may act as a greater risk factor
than flexibility for musculotendinous soft-tissue
injury®®. A muscle with low MTS is able to extend to
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a greater length when perturbed by an external
force; therefore, the force applied to the muscle is
absorbed over a larger distance and longer period
of time. This “cushioning effect” can reduce the
trauma imposed on the muscle fibers and lower risk
of injury®4. This theory is supported by the
findings of Watsford et al, who showed that
Australian male football players who sustained a
hamstring injury during the season had a
significantly higher mean hamstring stiffness than
non-injured players during pre-season testing?.
Brockett et al found previously injured hamstrings
had higher MTS compared to uninjured
hamstrings, as measured by generating angle-
torque curves of the hamstring muscle, and
concluded that an increase in MTS may be another
factor contributing to the high re-injury rate of
hamstring muscles*.

Two studies measured MTS by utilizing a
mass spring system and observing the damping
effect that the hamstring muscles imposed on
oscillatory motion of the system®. Both found that
women have a significantly lower MTS of
hamstrings when compared to men3$42. Granata et
al. also used a spring-mass oscillator model to
calculate MTS of the lower limb muscles by
recording vertical center of mass displacement and
ground-reaction forces during a hopping task;
women were again found to have lower MTS#.
Female high school basketball athletes also showed
significantly reduced hamstring stiffness compared
to male athletes at three different degrees of
hamstring flexion when MTS was measured via
shear wave elastography, an ultrasound imaging
technology that provides quantitative
measurements of mechanical and elastic muscle
tissue properties#. Given this association between
MTS, sex differences and HSI, further studies are
recommended to determine the specific role of MTS
in the assessment and risk stratification for HSI in
female athletes.

Hamstring/Quadriceps Strength Ratio

The hamstring to quadriceps strength ratio
(H/Q ratio) is another well-studied and relevant
physiological difference between men and women
that may be a risk factor for HSI*>-47. Yeung et al.
found that a conventional H/Q ratio less than 0.6
increased HSI risk by 17 times when measured at
180°/sec in male and female sprinters*. A study of
professional male soccer players found both
conventional H/Q ratio at 180°/sec and functional

_22_



Wt

Journal of Women's
Sports Medicine

H/Q ratio to be predictive of hamstring injury,
when measured eccentrically at 30°/sec and
concentrically at 240°/sec*. However, other studies
have not confirmed this association in other
populations#s-51.

A systematic review and meta-analysis of
22 studies measuring conventional H/Q ratios
found males demonstrated statistically
significantly greater H/Q ratios than females at
60°/s, 120°/s, 300°/s and 360°/s%2. Some authors
suggest that the lower H/Q ratio seen in females
may be result of a sex discrepancy in hamstring
strength and size rather than quadricep muscle
differences’54. Females are found to have 30%
smaller hamstring muscles than males while female
quadricep muscles were only 25% smaller®. After
normalizing for body mass, Hannah et al. reported
that men displayed a greater hamstring force
production, but no difference in quadriceps force
production when compared to women, resulting in
a higher H/Q ratio in men%. The smaller H/Q ratio
in women has implications on knee joint stability
and is thought to be a reason behind the increased
incidence of ACL injuries in female athletes
compared to male athletes, but has not yet been
shown in relation to HSI®554, Differences in H/Q
ratios of males compared to females may also be
influenced by the concept of limb dominance.
Studies have found female athletes exhibit greater
strength and kinematic asymmetries between their
dominant and non-dominant lower limbs than male
athletes%5-57, This trend also extends to H/Q ratios.
Female soccer players were found to have
significantly lower conventional H/Q ratios in their
dominant leg compared to their non-dominant leg
at all testing speeds®. Non-athlete females also
demonstrate lower H/Q ratios in their dominant
leg®. However, similar studies in male athletes
have shown either no difference in H/Q ratio
between dominant and non-dominant legs at
multiple testing speeds, or increased H/Q ratio in
dominant legs at lower testing speeds®¢l. In
conclusion, females differ from males not only in
the magnitude of their H/Q ratio but also the
degree of H/Q ratio asymmetry between dominant
and non-dominant limbs.

While the evidence of the relationship
between H/Q ratio and HSI occurrence is mixed
and complicated by the multiple different methods
used to measure H/Q ratio, there may be a role for
screening and prevention of HSI. Croisier et al.
tested 687 professional male soccer players for
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lower limb strength imbalances (defined as a low
H/Q ratio or a difference in bilateral concentric or
eccentric hamstring strength) during the preseason;
players with imbalances were over 4 times more
likely to sustain an HSI during the following season
than players without preseason imbalances. Some
players who were identified as having imbalances
also received compensating training until isokinetic
tests proved the imbalance was normalized; this
group showed a significant reduction in HSI
frequency compared to players with untreated
imbalances (5.7% versus 16.6%)*. While the direct
association between H/Q ratio on the risk of HSI in
women remains unclear, further study that includes
female athletes is needed to assess the role of
preventative training for HSIL

Besides the H/Q ratio, other muscular
activation and strength differences between men
and women include that of the gluteal muscles.
Vannatta and Kernozek found females produce
lesser peak gluteus maximus forces and greater
gluteus minimus, medius, and hamstring forces
while running®2. The authors note this may be a
result of differing kinematics between the sexes,
rather than ability of individual muscles, as females
exhibit greater hip adduction and hip internal
rotation while running6263. A study of male soccer
players found higher levels of gluteus maximus
activity during sprinting resulted in a lower risk of
HSI®*. Another study reported an association
between higher gluteus medius activation during
running and hamstring injury in male Australian
football players®. Taken together, these data may
indicate the relative weakness of the gluteus
maximus and relative strength of the other gluteal
muscles can increase the risk of HSI in females.
However, the small sample size of these respective
studies and male-only cohorts warrants further
investigation into this area.

Skeletal Muscle Fatiguability

Differences in female and male skeletal
muscle fatigability during sprinting is another
intrinsic difference that may contribute to the lower
rate of HSI in female athletes. Females have been
shown to be more resistant to skeletal muscle
fatigue than men®6-68.- This is pertinent in the context
of the HSI rate discrepancy between sexes as
sprinting fatigue is thought to be a major risk factor
for HSI®®9-72. The majority of HSIs occur during the
latter stages of practices and competitions, with one
study reporting that 47% of all hamstring injuries in
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professional soccer occur within the final 1/3 of
each competition halfé®. The increased risk of
injury has been proposed to be due to muscle
fatigue impairing eccentric hamstring strength and
the ability of the hamstring to absorb opposing
force’0-72. The eccentric hamstring strength of
players has been shown to significantly decrease
after performing exercises that simulate soccer
match play”07.. Furthermore, Small et al
additionally found players experienced a reduced
combined hip flexion and knee extension angle after
the exercise, suggesting hamstring muscle length
was shortened with fatigue?.

Several studies have shown that women are
more resistant to skeletal muscle fatigue than
men®6-68. Two studies, one in young adults and one
in teenagers, found men experienced a greater
sprint-induced mechanical work decrement than
women when performing sprint repetitions
separated by short periods of rest®”.68. This occurred
despite no sex differences in subjective effort
perception®”. Increased skeletal muscle endurance
in women has also been observed in long-duration
exercises®. Temesi et al. found female runners
displayed lower levels of peripheral fatigue in the
plantar flexors and a smaller decrease in maximum
torque of the knee flexors compared to male
runners  after  completing an  100-km
ultramarathon®.  The  exact  physiological
mechanisms that contribute to women'’s enhanced
endurance are still unknown, though differences in
muscle metabolism, muscle contractile properties,
vasodilatory response to exercise, and muscle fiber
properties have been implicated”-78.

Billaut and Bishop suggested that the reason
males are shown to fatigue earlier than women is
because men have a greater initial power output
and perform more mechanical work during
exercises, and that this difference in performance is
independent of sex-specific physiology”. The
relationship between fatigue and female hamstring
strength or kinematics has not been described in the
literature and is an area for further study.

Lower Limb Morphology

Sex differences in lower extremity
alignment and structural anatomy have been
previously described and are thought to account for
differences in rates of knee injury, but their
influence on HSI rates have not been explored-s2,
Women demonstrate between a 2.7 to 5.8° greater
quadriceps angle (Q angle) than men when supine
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and between a 3.4° to 4.9° greater angle when
standing®. A study in male futsal players has
found a larger Q angle may predispose one to
increased hamstring tightness, which has been
associated with risk for HSI®. Women are also
shown to have 1.9° to 4° greater anterior pelvic tilt
than men, which can increase the risk for HSI by
elongating the hamstring musculotendinous unit
and predisposing it to increased stress and
strain®0828586 Schuermans et al. compared the
running kinematics of soccer players with recent
history of hamstring injuries to those of matched
controls and found players with history of HSI
displayed significantly more anterior pelvic
tilting®”. While these studies demonstrate a
relationship between and HSI and lower limb
alignment patterns that are greater in women, the
lower rates of HSI in females suggest that the risk
for HSIs is multifactorial.

Other sex-specific anatomic differences
include the structure of the pelvis and the
acetabular joint. The female pelvis is broader and
exhibits an increased distance between the ischial
tuberosities and ischial spines compared to males8s-
9. Females are also shown to have a greater
suprapubic angle®. In the acetabular joint, females
display a greater degree of both acetabular
anteversion and femoral anteversion and have a
smaller femoral head diameter®-%. Rates of
developmental hip dysplasia are significantly
higher in females, while rates of cam deformities are
greater in male athletes%-%. These structural
differences may impact lower limb and hip joint
function in female athletes compared to males.
Increased femoral anteversion can impair
utilization of the vastus medialis and gluteus
medius, while a smaller femoral head surface area
and larger acetabular inner rim distance can
increase contact stress in the hip joint%99-103,
However, the relationship of these anatomical
differences to HSI is unclear. Further studies on
specific morphological patterns within female
athletes may be beneficial to identify the role of
lower limb morphology on HSIL.

Conclusion

Hamstring injuries are one of the most
common injuries seen in all levels of sport and
result in prolonged periods of time off while posing
a significant risk of re-injury*111314. While rates of
HSI are lower in women when compared to men,
HSIs remain a frequent source of injury for female
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athletes!8-20. There continues to be limited
information about HSI when specifically comparing
the difference in rates and risk factors between male
and female athletes. The similar external risk
factors for HSIs between men and women suggest
the observed disparity may be a result of sex-based
differences in intrinsic risk factors, such as
increased flexibility, lower musculotendinous
stiffness, and increased resistance to skeletal muscle
fatigue in females as compared to their male
counterparts?22. The burden of HSIs in female
athletes, as well as the sex-based differences in risk
factors, suggest that effective hamstring injury
rehabilitation and prevention may benefit from sex-
specific ~programs. Further evidence is
recommended to better understand and optimally
manage hamstring injuries in the female athlete
patient population.
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